Introduction
Functional disturbances and esthetic considerations are the reasons for patients to seek treatment for dento-facial deformities. Functional disorders may include signs and symptoms of temporomandibular disorders (TMD), such as joint pain, chewing problems, joint noises, headaches, etc.
Skeletal stability following orthognathic surgery has been a subject of numerous investigations. Several authors have presented evidence of the relation between orthognathic surgery and condylar remodeling and various changes. [1] [2] [3] [4] [5] Condylar resorption was first reported by Burke in 1961. [6] Changes in the mandibular condyles after orthognathic surgery either in form of resorption or remodeling is sequel, which has been noted both clinically as well as radiographically. [7] Although a definite cause has not been established, various hypothesis have been stated in the literature regarding this.
The term progressive condylar resorption (PCR) was coined by Arnett and Tamborello. [8] The bilateral sagittal split osteotomy may cause alteration of the position of the condyle in the fossa. The medio-lateral torqueing or posterior positioning of the condyle after rigid fixation might be associated with condylar resorption and late relapse. [9] PCR is a serious complication that gives rise to frustration for both the patient and the clinician. Condylar changes are seen in terms of progressive alteration of condylar shape and decrease in mass. As a result, patients may exhibit a decrease in posterior facial height and retrognathism. Although the cause is unknown, condylar resorption has been associated with various systemic diseases, trauma, neoplasia, orthodontic treatment, and orthognathic surgery. [7] The adaptive changes in the condyle as a result of alteration in mechanical loading have been discussed in previous studies. [7, 10] In the mandibular condyle, occlusal alterations and the consequent mechanical stimulus induces the fibrocartilage to enter into an activated state, thus resulting in the proliferation of chondroblasts and osteoblasts in the condyle. This enables the adaptive remodeling, which helps the temporomandibular joint (TMJ) to adjust to the altered biomechanical environment. [11, 12] Signs of TMJ disorders before and after orthognathic surgery have been documented in several clinical studies, but the reported incidence varies widely. There are reports of various degrees of improvement [1] or deterioration, [2] or no change at all, [3] in TMJ symptoms after orthognathic surgery.
The patient's rating of outcome might not correlate with those of clinicians. The patients who are the most satisfied with the treatment outcome are those whose aesthetics and occlusion improve and whose TMD symptoms are relieved. [13] Many studies showed relief or stability in signs and symptoms of TMJ, [4] however the development of TMD symptoms in pre-operatively asymptomatic patients as also been reported. [5] Misaligned occlusion might bring about condylar resorption. kinds of occlusion are present outside of Angle classification: (1) Stable and (2) unstable. [14] [15] [16] [17] [18] A stable occlusion will not deflect the condyle placement throughout interdigitation of the dentition (irrespective of Angle classification). An unsound occlusion creates compression deflection of the condyle throughout interdigitation of the teeth (irrespective of Angle classification). [3, 19] Numerous research indicates that the posteriorization of the mandibular condyle additional to occlusal changes (i.e., volatile occlusion) can lead to postglenoid spinal column and posterior condylar resorption. [20] [21] [22] [23] [24] [25] [26] [27] [28] Class I occlusion along with condylar compression is actually, by description, an unsound occlusion. [29] [30] [31] [32] [33] Correction (orthodontics, orthognathic surgery, prosthetics) regarding occlusal inaccuracy to a Class I dental relationship, in the event that it is related to joint compression, may bring about condylar resorption. [34] [35] [36] [37] Arnett and Tamborello have noticed condylar resorption whenever a class I occlusion had been created with the mandibular condyles posterior and/or torqued throughout orthognathic surgical treatment. [38] Orthodontic and prosthodontic treatment could alter condylar position, even though usually never to the identical level as that witnessed subsequent orthognathic surgery. Consequently, these non-surgical methods might give rise to significant condylar remodeling, specifically in vulnerable individuals (i.e., individuals prone to more hostile tissue reaction supplementary to host factors.
In this retrospective study, we have evaluated the changes in the TMJ, 1 year following orthognathic surgery. The TMJ has been evaluated for clinical and radiologic changes and the patient satisfaction following orthognathic surgery has also been assessed.
Materials and Methods
The required data for the study was collected from medical and dental records of 20 patients who underwent orthognathic surgery for the correction of their dentofacial abnormalities at KLE's VK Institute of Dental Sciences, Belgaum.
Patients with all records available, who could be contacted and could come for follow up, with minimum 1 year follow up and who were willing to give consent were included in this study. A list of all patients of dentofacial anomalies treated by orthognathic surgery at KLE P.K Hospital was made. The records of the patients who fulfilled the inclusion criteria were checked and the proforma [ Table 1 ] was filled for each patient.
Patients were then recalled to the department and clinical examination of the TMJ was done. For radiographic evaluation, an orthopantamograph (OPG) was advised which was evaluated for any condylar resorption. The patients were also given a self-designed questionnaire [ Table 2 ] to assess patient's perceptions on the signs and symptoms of TMD before and after surgery. Consent for inclusion in this study was obtained from each patient.
For radiographic assessment the Kodak 8000c, Digital Panaromic and Cephalometric system software was used. With the aid of this software, a ramus tangent and a line drawn perpendicular to it through the most superior point of the condyle were drawn. The distance from the top of the condyle to the inferior point of tangency was measured as ramus height. Next the contour of the condyle is assessed. The condyle is defined by the tangent to the posterior border of the condylar neck (Y-axis) and a line drawn perpendicular to the condyle tangent through the broadest point of the condyle (X-axis). The top of the condyle is related to the midpoint on the X-axis. The contour of the condyle is determined by the condylar height (H)-to-width (W) ratio and the location of the top. The surface of the condyle was subdivided in an anterior, superior and posterior part. The classification of Kranjenbrink was modified as in Table 2 . [24] This classification has been illustrated in Figure 1 .
Based on the condylar condition on OPG, it was then classified into 3 types:
Condylar remodeling is characterized by morphologic changes, but with stable ramus height not leading to relapse. The inclusion criteria is as follows:
• Minor bone resorption and/or bone apposition on one of the condylar sites and the change of the condylar contour from a less favorable one to a more favorable one.
• Ramus height, as measured on radiographs at the one-year or long-term follow up, compared with the pre or immediately postoperative radiographs should differ less than or equal to 6%. Condylar resorption is characterized by severe morphologic changes with decreased condylar configuration and volume, and decreased ramus height, therefore leading to relapse. The inclusion criteria are as follows:
• Major bone resorption with or without bone apposition and reduction of condylar contour and volume and the change of the condylar contour from a favorable one to a less favorable one.
• Ramus height as measured on radiographs at one year or long-term follow-up compared with the pre or immediately postoperative ones should differ more than 6%.
For the evaluation of patient perception, the patients were given a questionnaire [ Table 3 ] to be filled to assess the effect on TMJ symptoms following orthognathic surgery.
The protocol was reviewed by the appropriate Institutional Review Board, is in compliance with the Helsinki declaration, and each subject in the project has signed a detailed informed consent form.
Results
This study included 20 patients of which 12 were male, and 8 were female. The mean age of the patient at the time of surgery was 20.80 years. There were 2 cleft patients included in the study. Of the 20 patients, 8 underwent bilateral sagittal split osteotomy, 5 Lefort I and 7 underwent Bijaw Surgery. Table 4 shows the distribution of study samples by treatment given and gender.
Clinical examination of all 20 patients showed an improvement in the TMJ functioning at a 1 year follow up visit as shown in Table 5 .
Comparison of the OPG taken at 1 year follow up visit with preoperative OPG showed that there was remodeling of both the condyles seen in all 20 patients as shown in Table 6 .
The results of our study also revealed that 15 of the 20 patients (75%) perceived an improvement in their TMJ symptoms 1 year following orthognathic surgery as shown in Table 7 . 
Discussion
There has been a considerable amount of research conducted to improve our understanding of growth and adaptation of the TMJ in response to orthognathic surgery. [12, [38] [39] [40] [41] The healthy TMJ is responsive to changes in its biomechanical and biophysical environment. Exposed to such changes, the TMJ may undergo substantial remodeling, an adaptive capacity not shared by many other joints. [42] Compressive forces on the TMJ have been shown to cause local changes in articular cartilage and in the condyle. [43] Damage to the TMJ alters its physical properties and further affects its ability to withstand compressive and shearing forces. The risks and the degree of severe degenerative changes in the TMJ after orthognathic surgical interventions in the mandible have been documented. [44, 45] Occlusal instability/discrepancy is mentioned as one of the several etiologic factors behind TMDs. [14] Such suboptimal occlusion, based on skeletal divergence, is also an apparent reason to seek or carry out orthognathic surgery. [46] Thus, one would assume that TMD would be rather pronounced among orthognathic surgery patients, and that TMD in such patient groups would decrease after orthognathic surgery. However, there exist two schools of thought. Some authors suggest that orthognathic surgical procedures can help in the reduction of TMJ dysfunction, [47, 48] while others have shown that orthognathic surgery in such patients can causes further deleterious effects on the TMJ. [4, 20] In our study, we have studied the changes in TMJ in 20 patients, one year following orthognathic surgery. The TMJ was evaluated for clinical and radiological changes. The patients perception 1 year following surgery has also been assessed. Clinical examination of all 20 patients showed an improvement in the TMJ functioning at the 1 year follow up visit which is in accordance with the studies by Karabouta et al. and Magnusson et al. who suggest that there is improvement in the TMJ functioning, signs and symptoms following orthognathic surgery. [47, 48] Comparison of the OPG taken at 1 year follow up visit with preoperative OPG showed that there was remodeling of both the condyles seen in all 20 patients, which are in accordance to the study by Hoppenreijs et al. [23] However this finding in our study is in contrast to the studies by Wohlwender et al. who suggested that resorption of the TMJ is noticed following orthognathic surgery [37] with the maximum resorption occurring between 6 months and 1 year. The results of our study also revealed that 15 of the 20 patients (75%) perceived an improvement in their TMJ symptoms 1 year following orthognathic surgery.
One of the concepts concerning the etiology and pathogenesis of osteoarthrosis includes a mechanical factor implying overloading.
[49] Different types of mechanical forces during and after surgery can be distinguished. Compressive forces of the condyle in the articular fossa could occur due to autorotation of the mandible (biomechanical loading), positioning of condyles in the glenoid fossa during surgery (surgical loading), distortion of condylar position by osteosynthesis (mechanical loading) and postoperative tension of muscles, periosteum and ligaments (soft tissue loading). [24] The type of internal fixation is also an important treatment factor in condylar morphologic changes. Circulation of synovial fluid and thus, nutrition, is less compromised when rigid internal fixation is used and, therefore, the adaptive capacity is probably better than in the wire fixation and IMF group. Rigid internal fixation appears to reduce the incidence of condylar resorption and allows healthy remodeling to take place. [28, 34] TMJ symptoms and internal derangement are commonly found in patients with dentofacial deformities. In the majority of those patients, the improvement or resolution of joint symptoms following orthognathic surgical procedure, has been observed. The exact mechanism for improvement of TMJ symptoms after orthognathic surgery is still unclear. An explanation for this outcome is based on the hypothesis that the disk-condyle relationship will be altered favorably by a change in the position of the condyle. [50, 51] Another hypothesis is that due to the normal occlusion achieved by means of surgery, there is no stress on the TMJ resulting in an improvement of the TMJ functioning and symptoms. [48] Olsson and Laskin (1980) stated that the dissatisfaction with surgery was related to inadequate explanation of the procedures, rather than the actual outcome. It is therefore of critical importance to ensure that the patients are adequately prepared for the surgical procedure, the post-operative period, and the outcome. It is quite clear that false expectations can lead to patient resentment. [52] In our study, all 20 patients were treated using a standard protocol. Each patient initially underwent a thorough clinical examination and orthodontic consultation. The Dolphin software was used in our entire 20 patient as an adjuvant to aid in treatment planning. Each case was discussed with the orthodontist, and the diagnosis and treatment planning was then made based on the expertise of both the oral and maxillofacial surgeon and the orthodontist. The patient was then called for the next appointment where the diagnosis and the treatment plan were discussed with the patient in the presence of both the orthodontist and the maxillofacial surgeon. He/She then underwent presurgical orthodontics. Once decompensation was achieved, the patient was planned for surgery. Impressions were then made and poured. Following face-bow transfer, the casts were articulated on to semi-adjustable articulators. Model surgery was then performed, and the surgical splint was fabricated. In all 20 patients included in our study, these surgical splints were used intraoperatively to guide in the movement of the maxilla and/or mandible. The surgical splint also aids in maintaining the desired occlusion while the osteotomised segments were fixed. In all our 20 patients, rigid internal fixation was used. The final refinement of the occlusion was then carried out with postsurgical orthodontics.
In our opinion, the absence of condylar resorption and the improvement in the TMJ functioning seen in all our patients included in our study, could be attributed to the strict and meticulous protocol employed by us. The surgical splint that is fabricated for each patient serves as a template for guiding the surgeon to provide the patient with adequate occlusion. Mini plate osteosynthesis used by us for fixation provides adequate rigid internal fixation and thus improves the adaptive capacity of the condyle as proved by various studies. Another important factor to be considered is a good understanding by the patient of his dentofacial skeletal problems as well as what to expect during and after his treatment. This reduces the false expectations of the patient. A standard pre-operative consultation followed at our set up could be the reason why 75% of our patient perceived an improvement in TMJ functions following orthognathic surgery. 
